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SPECIFICATION 



THIN-FILM TRANSISTOR, 
METHOD FOR FABRICATING THE SAME, AND 
LIQUID CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 
[0001] The present invention relates to a thin-film 

transistor preferably for use in an active -matrix -addressed 
liquid crystal display device, contact image sensor and other 
suitable devices and also relates to a method for fabricating 
such a transistor. 

[0002] Recently, an active -matrix -addressed liquid crystal 

display device has been used as a display device for personal 
computers, TV sets of a reduced thickness, camcorders and so 
on. In an active-matrix- addressed liquid crystal display 
device, a thin-film transistor (TFT) is extensively used as a 
switching element that selectively turns a pixel ON or OFF. 
A TFT is provided for each of a huge number of pixels so that 
each of those pixels has its ON/OFF states controlled by its 
associated TFT. 

[0003] When a TFT turns ON responsive a scanning signal 

that has been applied to the gate of the TFT, a predetermined 
signal voltage is applied to a pixel electrode, which is 
connected to the drain of the TFT, by way of a data bus line 
connected to the source of the TFT. In a liquid crystal 
display devic , th orientation state of its liquid crystal 



layer changes in accordance with the level of a signal voltage 
applied to a pixel electrode. And by utilizing this change in 
orientation, an image is displayed thereon. 

[0004] In an interval after a predetermined signal voltage 

has been applied to a pixel electrode and before another 
signal voltage is newly applied to this pixel electrode 
(i.e., one frame interval), no scanning signal is applied to 
2 the gate of a TFT associated with the pixel electrode. That 

Jy is to say, the TFT is kept OFF to maintain a predetermined 

□ 

5 display state by keeping the potential level at the pixel 

~~ 

□ electrode constant during this interval. While the TFT is 

3 

^ OFF , the amount of current flowing through the TFT (i.e., 

ji leakage current or OFF -state current) is preferably as small 

as possible. This is because if an excessive amount of OFF- 
state current flows through the TFT, then the liquid crystal 
layer cannot maintain its desired orientation state and the 
resultant display quality deteriorates. 

[0005] Particularly in a TFT including a polysilicon layer 

as its semiconductor layer, a greater amount of OFF-state 
current tends to flow through the TFT as compared to a TFT 
including an amorphous silicon layer as its semiconductor. 
This is because field- effect mobility is higher in a 
polysilicon layer than in an amorphous silicon layer. 
Accordingly, it is even more difficult to maintain the 
potential level of a pixel electrode associated with such a 
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TFT. 

[0006] Also, the higher the definition of a display 

device, the greater the number of pixels the display device 
should include. If the number of pixels included in a display 
device is increased, then each of those pixels should be 
driven in a shorter period of time. In that case, a greater 
amount of ON-state current should flow through each TFT. 
E% [0007] Furthermore, in a small- sized high-definition 

fcar 
□ 

rj liquid crystal display for a liquid crystal projector, for 

D 

g example, the size of each pixel has been further reduced. To 

pa 

O increase the brightness of an image presented on such a 

s 

M; display, the aperture ratio needs to be increased for each 
pixel region and each TFT needs to be further downsized. On 
the other hand, to mass-produce an enormous number of display 
devices at a high yield, measures should be taken against TFT 
leakage failures resulting from various types of defects. 
[0008] In summary, a TFT, particularly one for use to 

drive its associated pixel in a small- sized high-definition 
liquid crystal display, preferably has: 

1) small leakage current; 

2) large ON-state current; 

3) small size; and 

4 ) no leakage failures . 
[0009] A TFT having these advantageous features is 
disclosed in Japanese Laid-Open Publication No. 7-263705, for 
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example. The TFT has a so-called "multi-gate structure" and a 
so-called "LDD (lightly doped drain) structure" in 
combination. Hereinafter, the TFT disclosed in this 

publication will be described with reference to FIG. 11. 
[0010] In the TFT 90 shown in FIG. 11, a pair of gate 

electrodes 96a and 96b is formed over a semiconductor thin 
film 92 with an insulating film 94 interposed therebetween. 

M 

O Channel regions 97a and 97b are defined in parts of the 

fee? 

fU semiconductor thin film 92 that are located under the gate 

a 

4= electrodes 96a and 96b, respectively. And the channel regions 

97a and 97b are interposed or surrounded by lightly doped 
regions 98a and 98b and heavily doped regions (i.e., 

gj source/drain regions) 99a and 99b. Also, another lightly 

1 

y= doped region (intermediate region) 95 is defined between the 

channel regions 97a and 97b. 

[0011] By interposing the lightly-doped region (LDD region) 

98b between the drain region (i.e., the heavily doped region) 
99b and channel region 97b, the intensity of an electric field 
is weakened at the end of the drain region 99b, thus reducing 
the leakage current. Also, this TFT has a multi-gate 
structure having an equivalent circuit configuration in which 
two single-gate TFTs are connected in series together. Thus, 
even if a leakage failure has been caused in one of the two 
TFTs, the other TFT still serves as a switching element. In 
this manner, redundancy is ensured for leakage failures. 
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[0012] In addition, in the TFT 90 disclosed in the 

publication identified above, the length of the intermediate 
region 95 is smaller than the total length of the lightly 
doped regions 98a and 98b, thereby increasing the amount of 
ON- state current. Furthermore, the TFT 90 includes no heavily 
doped region between the gate electrodes 96a and 96b. Thus, 
the space between the gate electrodes 96a and 96b may be 
narrowed, and therefore the TFT 90 may be downsized. 
[0013] Hereinafter, it will be described with reference to 

FIGS. 12A through 12G how to fabricate a TFT substrate 
(including the TFT 90) for a liquid crystal display device. 
[0014] First, in the process step shown in FIG. 12A, a 

semiconductor thin film 92 of polysillcon (poly-Si), for 
example, is deposited on an active region on an insulating 
substrate 91. Then, a surface portion of the semiconductor 
thin film 92 is oxidized, for example, thereby forming an 
insulating film 94 thereon. 

[0015] Next, in the process step shown in FIG. 12B, dopant 

ions (e.g. , B* ions) may be implanted at a predetermined dose 
(of e.g., about lxl0 12 /cm 2 to about 8xio 12 /cm 2 ) into the entire 
semiconductor thin film 92 if necessary. In this process 
step, the characteristic of a channel region for the TFT is 
determined and the threshold voltage of the TFT is controlled. 
[0016] Thereafter, in the process step shown in FIG. 12C, 

gate electrodes 96a and 96b are formed over the semiconductor 



thin film 92 that has been covered with the insulating film 
94. Specifically, the gate electrodes 96a and 96b may be 
formed by depositing a low-resistivity poly-Si thin film 
doped with phosphorus on the insulating film 94 and then by 
patterning the poly- Si thin film into a desired shape. It 
should be noted that if necessary, a silicon nitride film or 
any other suitable undercoat film may be formed on the 
insulating film 94 as shown in FIG. 12C before the gate 
electrodes 96a and 96b are formed thereon. 

[0017] Then, in the process step shown in FIG. 12D, dopant 

ions (e.g., P* ions) are implanted at a relatively low dose 
into selected parts of the semiconductor thin film 92 using 
the gate electrodes 96a and 96b as a mask. In this manner, 
lightly doped regions are defined in those parts of the 
semiconductor thin film 92, which are not covered with the 
gate electrodes 96a and 96b, so as to be self -aligned with 
the gate electrodes 96a and 96b. 

[0018] Subsequently, in the process step shown in FIG. 12E, 

a resist pattern 93 is defined so as to cover the gate 
electrodes 96a and 96b entirely and the surface of the 
insulating film 94 partially. The resist pattern 93 should 
be formed in such a manner that the right- and left -hand- side 
edges thereof are spaced apart from the associated side faces 
of the gate electrodes 96a and 96b by a predetermined 
distance. Using this resist pattern 93 as a mask, dopant 



ions (e.g.. As* ions) are implanted at a relatively high dose 
into the non-masked parts of the lightly doped regions. In 
this manner, those parts of the lightly doped regions are 
changed into heavily doped regions, which will be 
source/drain regions for the TFT. 

[0019] Thereafter, in the process step shown in FIG. 12F, 

the TFT formed in this manner is covered with an interlevel 
dielectric film, the dopants introduced are activated through 
annealing, and then a contact hole is formed through a part of 
the interlevel dielectric film that is located over the source 
region . 

[0020] Subsequently, in the process step shown in FIG. 12G, 

a data bus line S made of a conductor is formed so as to make 
electrical contact with the source region via the contact 
hole. Next, another insulating film is deposited over the 
entire surface of the substrate and then another contact hole 
is formed through a part of the insulating films that is 
located over the drain region. Then, a transparent electrode 
(i.e., pixel electrode) P of ITO, for example, is formed 
inside the contact hole so as to make electrical contact with 
the drain region. In this manner, a TFT substrate for use in 
an active-matrix-addressed liquid crystal display device is 
completed. 

[0021] As described above, the conventional TFT 90 has the 

mult i -gate structure and can reduce th probability of 



leakage failures. Also, since the intermediate r gion is a 
lightly doped region, the space between the gate electrodes 
can be narrowed and the TFT can be downsized. 

[0022] However, the TFT^ 90 cannot reduce the leakage 

current and increase the ON- state current at the same time. 
Specifically, if the dopant concentration of the LDD regions 
is increased, then the ON-state current of the TFT 90 can be 
increased but the amount of leakage current flowing 
therethrough also increases. On the other hand, if the dopant 
concentration of the LDD regions is decreased, then a 
decreased amount of leakage current will flow through the TFT 
90 but the ON-state current thereof also decreases. 



SUMMARY OF THE INVENTION 
[0023] In order to overcome the problems described above, 

preferred embodiments of the present invention provide (1) ji 
thin-film transistor through which a decreased amount of 
leakage current and an increased amount of ON-state current 
flow, (2) a method for fabricating such a transistor and (3) a 
liquid crystal display device that includes the thin-film 
transistor of the present invention and that realizes higher 
display quality. 

[0024] A thin-film transistor according to the present 

invention includes a semiconductor layer and multiple gate 
electrodes that have been formed over the semiconductor 
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layer. The semiconductor layer includes: first and second 
heavily doped regions, which have a first conductivity type, 
are spaced apart from each other and serve as source /drain 
regions; and a plurality of channel regions, which have a 
second conductivity type, are located between the first and 
second heavily doped regions so as to face the gate 
electrodes, and include first and second channel regions. The 

M first channel region is closer to the first heavily doped 

□ 

Cj region than any other one of the channel regions is, while the 

^ second channel region is closer to the second heavily doped 

== 

p region than any other one of the channel regions is. The 

5 

y*. semiconductor layer further includes: an intermediate region, 

ru 

U which has the first conductivity type and is located between 

m 

□ two mutually adjacent ones of the channel regions; a first 

lightly doped region, which has the first conductivity type 
and is located between the first channel region and the first 
heavily doped region; a second lightly doped region, which has 
the first conductivity type and is located between the second 
channel region and the second heavily doped region; a third 
lightly doped region, which has the first conductivity type, 
has a carrier concentration different from that of the first 
lightly doped region and is located between the first lightly 
doped region and the first channel region; and a fourth 
lightly doped region, which has the first conductivity type, 
has a carrier concentration different from that of the second 
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lightly doped region and is located between the second 
lightly doped region and the second channel region. 
[0025] In a preferred embodiment of the present invention, 

the first and second heavily doped regions have substantially 
the same carrier concentration; the first and second lightly 
doped regions also have substantially the same carrier 
concentration; the third and fourth lightly doped regions and 
the intermediate region also have substantially the same 
carrier concentration; the carrier concentration of the first 
heavily doped region is substantially higher than that of the 
first lightly doped region; and the carrier concentration of 
the first lightly doped region is substantially higher than 
that of the third lightly doped region. 

[0026] In another preferred embodiment, the channel 

regions, the intermediate region and the third and fourth 
lightly doped regions of the semiconductor layer have been 
doped with a dopant of the second conductivity type at 
substantially the same dose. 

[0027] In this particular embodiment , the third and fourth 

lightly doped regions have been doped not only with the dopant 
of the second conductivity type but also the same dopant of 
the first conductivity type as a dopant that has been 
introduced into the first and second lightly doped regions. 
[0028] More particularly, a difference between the carrier 

concentration of the third lightly doped region and that of 
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the first lightly dop d region may be caused by the dopant of 
the second conductivity type that has been introduced into the 
third lightly doped region. 

[0029] Alternatively, a difference between the carrier 

concentration of the fourth lightly doped region and that of 
the second lightly doped region may be caused by the dopant of 
the second conductivity type that has been introduced into the 
fourth lightly doped region. 

[0030] In still another embodiment, the first and second 

lightly doped regions may have substantially the same length. 
[0031] In yet another embodiment, the third and fourth 

lightly doped regions may have substantially the same length. 
[0032] In yet another embodiment, the intermediate region 

may have a length smaller than a total length of the first and 
third lightly doped regions. 

[0033] In yet another embodiment, the intermediate region 

may have a length smaller than a total length of the second 
and fourth lightly doped regions. 

[0034] An inventive method for fabricating a thin -film 

transistor includes the steps of: forming a semiconductor 
thin film on an insulating substrate; doping a first region 
of the semiconductor thin film, which includes a part that 
will serve as a channel region, with a first dopant of a 
first conductivity type; forming at least one gate electrode 
on the semiconductor thin film so that the part of the 
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semiconductor thin film that will serve as the channel region 
is covered with the gate electrode; selectively doping a 
second region of the semiconductor thin film with a second 
dopant of a second conductivity type using the gate electrode 
as a mask, the second region including other parts of the 
first region, except the part that will serve as the channel 
region, and other parts of the semiconductor thin film that 
surround the first region; and doping a third region of the 
semiconductor thin film with a third dopant of the second 
conductivity type, thereby defining regions that will serve 
as source/drain regions, the third region being so defined as 
to be spaced apart, by a predetermined distance, from an 
outer edge of parts of the semiconductor thin film where the 
first and second region overlap with each other. 
[0035] In a preferred embodiment of the present invention, 

the second and third regions overlap with each other at least 
partially. 

[0036] In another preferred embodiment of the present 

invention, an implant dose of the second dopant is smaller 
than an implant dose of the third dopant. 

[0037] A thin-film transistor according to the present 

invention includes a semiconductor layer and multiple gate 
electrodes that have been formed over the semiconductor 
layer. The semiconductor layer includes: first and second 
heavily doped regions, which are spaced apart from each oth r 
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and serve as source/drain regions; and a plurality of channel 
regions, which are located between the first and second 
heavily doped regions so as to face the gate electrodes and 
which include first and second channel regions. The first 
channel region is closer to the first heavily doped region 
than any other one of the channel regions is, while the second 
channel region is closer to the second heavily doped region 
than any other one of the channel regions is. The 
semiconductor layer further includes: an intermediate region 
located between two mutually adjacent ones of the channel 
regions; a first lightly doped region located between the 
first channel region and the first heavily doped region; and a 
second lightly doped region located between the second channel 
region and the second heavily doped region. The first channel 
region includes a first intrinsic channel region and the 
second channel region includes a second intrinsic channel 
region . 

[0038] In a preferred embodiment of the present invention, 

the first and second intrinsic channel regions are 
substantially covered with associated ones of the gate 
electrodes . 

[0039] In another preferred embodiment of the present 

invention, the first channel region includes a doped channel 
region between the first intrinsic channel region and the 
intermediate region, while the second channel region Includes 
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a doped channel region between the second intrinsic chann 1 
region and the intermediate region. 

[0040] In this particular embodiment, the respective doped 

channel regions of the first and second channel regions and 
the intermediate region have preferably been doped with a 
dopant of a first conductivity type at a predetermined dose. 
[0041] In still another embodiment, the first and second 

M 

□ lightly doped regions may have substantially the same length. 
Ty [0042] In yet another embodiment, the first and second 



a 

s 



intrinsic channel regions may have substantially the same 
length. 

[0043] In yet another embodiment, the first and second 

intrinsic channel regions may be each shorter than any of the 
intermediate region, the first lightly doped region and the 
second lightly doped region. 

[0044] An inventive method for fabricating a thin- film 

transistor includes the steps of: forming a semiconductor 
thin film on an insulating substrate; doping a first region 
of the semiconductor thin film with a first dopant of a first 
conductivity type; forming at least one gate electrode on the 
semiconductor thin film so that a part of the first region 
and a part of the semiconductor thin film that surrounds the 
first region are covered with the gate electrode; selectively 
doping a second region of the semiconductor thin film with a 
second dopant of a second conductivity type using the gate 
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electrode as a mask, the second region including at least a 
part of the first region and other parts of the semiconductor 
thin film that surround the first region and that are not 
covered with the gate electrode; and doping a fourth region 
of the semiconductor thin film with a third dopant of the 
second conductivity type, the fourth region being so defined 
as to be spaced apart from a third region of the semiconductor 
thin film by a predetermined distance, the third region 
including at least the part of the first region and the part 
of the semiconductor thin film that is covered with the gate 
electrode . 



M= [0045] In a preferred embodiment of the present invention, 

M- the second and fourth regions overlap with each other at least 



partially. 

[0046] An active-matrix-addressed liquid crystal display 

device according to the present invention includes: a 
substrate, on which the thin-film transistor according to any 
of the preferred embodiments of the present invention; a data 
bus line electrically connected to the first heavily doped 
region of the thin- film transistor; a gate bus line 
electrically connected to at least one of the gate electrodes 
of the thin -film transistor; and a pixel electrode 
electrically connected to the second heavily doped region of 
the thin- film transistor have been formed; and a liquid 
crystal layer, which has an optical state changeable with a 
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potential level at the pixel electrode. 

[0047] It should be noted that the terms "first 

conductivity type" and "second conductivity type" are herein 
used to identify n-type and p-type from each other. In other 
words, one of n- and p- types will be herein referred to as the 
"first conductivity type" and the other will be herein 
referred to as the "second conductivity type". That is to 
say, the first conductivity type is n- or p-type and the 
second conductivity type is p- or n-type. 

[0048] Other features, elements, processes, steps, 

characteristics and advantages of the present invention will 
become more apparent from the following detailed description 
of preferred embodiments of the present invention with 
reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0049] FIG. 1 is a plan view schematically illustrating an 

active matrix substrate including a TFT according to a first 
specific preferred embodiment of the present invention. 
[0050] FIG. 2 is a plan view schematically illustrating 

the TFT of the first embodiment. 

[0051] FIG. 3 is a cross -sectional view schematically 

illustrating the TFT of the first embodiment. 

[0052] FIGS. 4A through 41 are cross -sectional views 

illustrating respective process steps for fabricating the TFT 
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of the first mbodiment. 

[0053] FIG . 5A is a cross -sectional view illustrating the 

TFT of the first embodiment; 

FIG. 5B illustrates a concentration profile of an n-type 
dopant that has been introduced into the TFT shown in FIG. 5A; 

FIG. 5C illustrates a concentration profile of a p-type 
dopant that has been introduced into the TFT shown in FIG. 5A; 
and 

FIG. 5D illustrates an overall carrier concentration 
profile of the TFT shown in FIG. 5A. 

[0054] FIG. 6 is a cross -sectional view schematically 

illustrating a TFT according to a second specific preferred 
embodiment of the present invention. 

[0055] FIG. 7 is a cross -sectional view schematically 

illustrating a TFT according to a third specific preferred 
embodiment of the present invention. 

[0056] FIGS. 8A through 81 are cross -sectional views 

illustrating respective process steps for fabricating the TFT 
of the third embodiment. 

[0057] FIG. 9A is a cross -sectional view illustrating the 

TFT of the third embodiment; 

FIG. 9B illustrates a concentration profile of an n-type 
dopant that has been introduced into the TFT shown in FIG. 9A; 

FIG. 9C illustrates a concentration profile of a p-type 
dopant that has been introduced into the TFT shown in FIG. 9A; 
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and 

FIG. 9D Illustrates an overall carrier concentration 
profile of the TFT shown in FIG. 9A. 

[0058] FIG. 10 is a cross- sectional view schematically 

illustrating a TFT according to a fourth specific preferred 
embodiment of the present invention. 

[0059] FIG. 11 is a cross -sectional view schematically 

t illustrating a conventional TFT. 

H [0060] FIGS. 12A through 12G are cross -sectional views 

O 

^ illustrating respective process steps for fabricating the TFT 

=fc 

□ shown in FIG. 11. 

5 

h* [0061] FIG. 13 is a cross -sectional view schematically 

W 

M 8 illustrating an active-matrix-addressed liquid crystal 

m 

O display device according to a preferred embodiment of the 



present invention. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0062] Hereinafter, preferred embodiments of the present 

invention will be described with reference to the 
accompanying drawings. 

EMBODIMENT 1 

[0063] FIG. 1 illustrates part of a TFT substrate (or 

active matrix substrate) for use in an active-matrix- 
addressed liquid crystal display device. The part 
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illustrated in FIG. 1 includes a thin-film transistor 10 
according to a first specific preferred embodiment of the 
present invention and corresponds to one pixel region of the 
TFT substrate. As shown in FIG. 1, the pixel region is 
surrounded by data bus lines 2, each of which supplies a data 
signal to its associated pixel electrode 6, and by gate bus 
lines 4, each of which supplies a scanning signal to its 
associated gate electrodes 18. 

[0064] The TFT 10 of a mult i- gate type has been formed as 

a switching element for driving the pixel near the 
intersection between the data bus line 2 and gate bus line 4. 
The source of the TFT 10 is electrically connected to its 
associated data bus line 2. A pair of gate electrodes 18a 
and 18b of the TFT 10 extends from its associated gate bus 
line 4. The drain of the TFT 10 is electrically connected to 
its associated pixel electrode 6. 

[0065] In the preferred embodiment illustrated in FIG. 1, 

a storage capacitance C s is formed between a drain electrode 
8 connected to the drain of the TFT 10 and a storage 
capacitance line 9 that has an electrode section facing the 
drain electrode 8 as indicated by the hatching in FIG. 1. 
However, the storage capacitance may be formed in any other 
form. Also, in the embodiment illustrated in FIG. 1, the 
drain of the TFT 10 is electrically connected to the pixel 
lectrode 6 by way of the drain electrode 8. Alternatively, 
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the drain of the TFT 10 may be directly connected to the pixel 
electrode 6. 

[0066] Hereinafter, an exemplary configuration for the TFT 

10 of this first specific embodiment will be described with 
reference to FIGS. 2 and 3. In the following description, th 
TFT 10 of this illustrative embodiment is of n-channel type. 
However, the present invention is not limited to this specific 
embodiment but may naturally be applicable to a p-channel TFT. 
Q [0067] As shown in FIG. 3, the TFT 10 has been formed on an 

ru 

insulating substrate 12 of quartz, for example, so as to 

~T~ 

2~ Include a semiconductor layer 14 of polysilicon, for example, 

□ 

f and a pair of gate electrodes 18a and 18b that has been formed 

ru 

^ over the semiconductor layer 14 with a gate insulating film 16 

m 

p interposed between them. As shown in FIG. 2, the pair of gate 

electrodes 18a and 18b is located around the center of the 
semiconductor layer 14 so as to be horizontally spaced apart 
from each other in the direction in which the semiconductor 
layer 14 extends and to cross the semiconductor layer 14. 
[0068] In the semiconductor layer 14, channel regions 20a 

and 20b have been defined so as to be located right under, 
and self -aligned with, the gate electrodes 18a and 18b, 
respectively. To control the threshold voltage of the TFT 10 
at a desired value, ions of a p-type dopant (e.g., boron (B) 
ions) have been implanted into these channel regions 20a and 
20b. As shown in FIG. 2, the channel length L may be 
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determined by the shape of each of the gate electrodes 18a and 
18b, while the channel width W may be determined by the shape 
of the semiconductor layer 14. 

[0069] At both ends of the semiconductor layer 14, first 

and second n-type heavily doped regions 28a and 28b have been 
defined so as to sandwich the channel regions 20a and 20b 
between them. The first and second heavily doped regions 28a 
and 28b serve as the source/drain regions of the TFT 10, 
respectively. 

[0070] Two types of n-type lightly doped regions 24a and 

26a with mutually different carrier concentrations have been 
defined between the first n-type heavily doped region (i.e., 
source region) 28a and the first channel region 20a closer to 
the first heavily doped region 28a, thereby forming an LDD 
structure. In the following description, these lightly doped 
regions 24a and 26a will be referred to as third and first 
lightly doped regions, respectively, for convenience sake. 
The third lightly doped region 24a adjacent to the channel 
region 20a has a carrier concentration lower than that of the 
first lightly doped region 26a adjacent to the source region 
28a. 

[0071] In the same way, two types of n-type lightly doped 

regions 24b and 26b with mutually different carrier 
concentrations have been defined between the second n-type 
heavily doped region (i.e., drain region) 28b and the second 
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channel r gion 20b closer to the second heavily doped region 
28b, thereby forming an LDD structure. In the following 
description, these lightly doped regions 24b and 26b will be 
referred to as fourth and second lightly doped regions, 
respectively, for convenience sake. The fourth lightly doped 
region 24b adjacent to the channel region 20b has a carrier 
concentration lower than that of the second lightly doped 
region 26b adjacent to the drain region 28b. 

[0072] Furthermore, an n-type intermediate region 22 has 

been defined between the channel regions 20a and 20b. 
[0073] The carrier concentrations of the respective 

regions formed in the semiconductor layer 14 are determined 
by the concentration (s ) of n- and/or p-type dopant(s) 
introduced into those regions. The carrier concentration of 
each of these regions is represented as the absolute value of 
a difference ( N D -N A ) between the concentrations N D and N A of 
the n- and p-type dopants introduced thereto. The carrier 
concentrations of the respective regions are represented by 
the concentration profile illustrated in FIG. 5D. That is to 
say, the carrier concentrations of these regions are 
preferably defined so as to satisfy the following 
relationships : 

1) the source and drain regions 28a and 28b have the 
same carrier concentration; 

2) the first and second lightly doped regions 26a and 
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26b also have the same carri r concentration; 

3) the third and fourth lightly doped regions 24a and 
24b and the intermediate region 22 also have the 
same carrier concentration; 

4) the carrier concentration of the source and drain 
regions 28a and 28b is higher than that of the first 
and second lightly doped regions 26a and 26b; and 

5) the carrier concentration of the first and second 
lightly doped regions 26a and 26b is higher than 

4= that of the third and fourth lightly doped regions 

f 

O 24a and 24b or that of the intermediate region 22. 

£ [0074] In this manner, the TFT 10 of this illustrative 

embodiment has the lightly doped regions 24b and 26b with 
mutually different carrier concentrations between the drain 
region 28b and the channel region 20b. thereby realizing a 
gentler carrier concentration profile. As a result, the 
intensity of the electric field at the end of the drain is 
weakened and the amount of leakage current flowing through the 
TFT 10 is reduced. 

[0075] In addition, in this preferred embodiment, the 

fourth lightly doped region 24b is provided adjacently to the 
channel region 20b. Accordingly, even if the second lightly 
doped region 26b adjacent to the drain region 28b has a 
relatively high carrier concentration, the amount of leakage 
current is minimized. That is to say, in a structure like 
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this, the carrier concentration of the second lightly doped 
region 26b may be higher than that of the conventional single 
LDD region. 

[0076] By providing the lightly doped regions 24b and 26b 

and by controlling the carrier concentrations of these regions 
appropriately, it is easier to reduce the amount of leakage 
current and increase the amount of ON- state current at the 
same time as compared to the conventional TFT having the 
single LDD structure. That is to say, the amount of leakage 
current of the TFT 10 is minimized appropriately and yet the 
amount of ON- state current thereof is increased substantially. 
[0077] Next, the lengths of the respective regions included 

in the semiconductor layer 14 will be described with reference 
to FIG. 3. As used herein, the "length" of each of those 
regions means the length thereof as measured in the direction 
in which the carriers move from the drain region toward the 
source region or vice versa (i.e., in the channel length 
direction). FIG. 3 illustrates not only the channel length L 
but also the respective lengths LI, L2, L3, and L4 of the 
first, second, third and fourth lightly doped regions 26a, 26b, 
24a and 24b and the length Li of the intermediate region 22. 
[0078] In an active -matrix- addressed liquid crystal display 

device, liquid crystal capacitor and storage capacitor that 
are connected to the drain of a TFT are charged and discharged. 
Accordingly, a current can flow bidirectionally between the 
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drain and source of the TFT. In this case, the TFT preferably 
has symmetrical electrical characteristics. For that purpose, 
the length LI of the first lightly doped region 26a is 
preferably equal to the length L2 of the second lightly doped 
region 26b. Also, the length L3 of the third lightly doped 
region 24a is preferably equal to the length L4 of the fourth 
lightly doped region 24b. 
O [0079] As described above, in the TFT of this preferred 

fU embodiment, the carrier concentration and length of the first 

O 

lightly doped region are preferably equal to those of the 
second lightly doped region. That is to say, symmetrical 
carrier concentration profile (see FIG. 5D) and symmetrical 

source/drain structure are preferably established in the 

O 

1=2: horizontal direction for the first and second lightly doped 

regions. Also, the carrier concentration and length of the 
third lightly doped region are preferably equal to those of 
the fourth lightly doped region. That is to say, symmetrical 
carrier concentration profile and symmetrical source /drain 
structure are preferably established in the horizontal 
direction for the third and fourth lightly doped regions. 
[0080] Furthermore, to increase the amount of the ON- state 

current, the length Li of the intermediate region is 
preferably relatively small and smaller than the combined 
length of any pair of LDD regions. That is to say, Ll + L3>Li 
and L2 + L4>Li are preferably satisfied. 
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[0081] Hereinafter, it will be described with r ference to 

FIGS. 4A through 41 how a TFT substrate, including the TFT 10, 
for an active -matrix- addressed liquid crystal display device 
may be fabricated in this preferred embodiment of the present 
invention . 

[0082] First, as shown in FIG. 4A, an amorphous silicon (a- 

Si) thin film is deposited to a thickness of about 45 nm over 
the entire surface of an insulating substrate 12 of quartz, 
for example, by a low-pressure CVD (LPCVD) process. A source 
gas for use to deposit the a-Si thin film may be Si 2 H 6 gas, for 
example. Alternatively, the a-Si thin film may also be 
deposited by a plasma CVD process at a temperature of about 
150 °C to about 250 X:. 

[0083] Then, the a-Si thin film is annealed for about 24 

hours within a nitrogen ambient at a temperature of about 
600 °C , thereby forming a polysilicon (poly-Si) thin film 40 
that has an increased crystal grain size. 

[0084] Alternatively, the poly-Si thin film 40 may also be 

deposited over the substrate 12 by an LPCVD process. In that 
case, the poly-Si thin film 40 may be once amorphized by 
implanting Si ions thereto and then annealed at about 600 
in a furnace so as to have its crystal grain size increased. 
Optionally, the poly- Si thin film 40 formed by any of these 
techniques may be further subjected to laser annealing so as 
to have its crystallinity improved. 
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[0085] Next, as shown in FIG. 4B, the poly-Si thin film 40 

is patterned in such a manner as to leave selected parts 
thereof corresponding to active regions for respective pixels. 
In this manner, a semiconductor layer 14 for TFTs is formed. 
It should be noted that the semiconductor layer 14 does not 
have to be made of polysilicon. 

[0086] Then, as shown in FIG. 4C, a photoresist pattern 42 

is defined on the semiconductor layer 14 so as to selectively 
cover the horizontal ends of the semiconductor layer 14. Using 
this resist pattern 42 as a mask, B + ions are implanted at a 
dose of about lxio 11 cm" 2 to about 5xio 12 cm" 2 into a 
predetermined region Rl (which ion implantation process step 
will be herein identified by "A"). In this manner, in this 
preferred embodiment, the p-type dopant is introduced into 
only the predetermined region Rl that has been selected from 
the semiconductor layer 14 so as to include the channel region 
of the TFT. Optionally, BF 2 * ions may be implanted instead of 
the B + ions. 

[0087] Subsequently, as shown in FIG. 4D, after the 

photoresist pattern 42 has been removed, a high temperature 
oxide (HTO) film is deposited to a thickness of about 80 nm 
over the entire surface of the semiconductor layer 14, thereby 
forming a gate insulating film 16. Alternatively, the gate 
insulating film 16 may also be formed by oxidizing the surface 
of the semiconductor layer 14 . 
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[0088] Thereafter, as shown in FIG. 4E, a pair of gate 

electrodes 18a and 18b is formed over the region Rl, into 
which the B* ions have been implanted in the process step 
shown in FIG. 4C, so as to be horizontally spaced apart from 
each other. Each of the gate electrodes 18a and 18b is formed 
so as to cover its associated portion of the boron (or any 
other p-type dopant) doped region Rl. Also, each of the gate 
electrodes 18a and 18b is formed in such a manner that the 
outer edge 18e of the gate electrode 18a or 18b is spaced 
apart from, and located inside, the boundary of the p-type 
doped region Rl by a prescribed distance in a predetermined 
direction (i.e., the channel length direction). The gate 
electrodes 18a and 18b extend substantially in the direction 
coming out of the paper of FIG. 4E and preferably cross the 
semiconductor layer 14. 

[0089] These gate electrodes 18a and 18b may be formed in 

the following manner. First, a poly-Si thin film may be 
deposited to a thickness of about 400 nm over the gate 
insulating film 16 by an LPCVD process. Next, the poly-Si 
thin film may be doped with phosphorus from P0C1 3 gas, thereby 
forming a low-resistivity poly- Si thin film as a conductor 
film. Then, the conductor film may be patterned into the 
desired shape of the gate electrodes 18a and 18b. It should 
be noted that in the process step of patterning the conductor 
film, the gate bus lines 4 and storage capacitor lines 9 shown 



28 



in FIG. 1 may also be made of the conductor film along with 
the gate electrodes 18a and 18b. 

[0090] As will be described later, in those portions of the 

p-type doped region Rl that are covered with the pair of gate 
electrodes 18a and 18b, channel regions for the TFT will be 
defined. The channel length L of these channel regions may be 
determined by the shape of the gate electrodes 18a and 18b. 
The channel length L may be about 1.5 Mm, for example, while 
the channel width W (see FIG. 2) may be about 1 At m, for 
example . 

[0091] The distance between the gate electrodes 18a and 18b 

substantially defines the length of the intermediate region, 
which is the region located between the channel regions in the 
semiconductor layer 14. The length Li of the intermediate 
region may be about 1 Mm, for example. Also, the distance L3 
or L4 between the boundary of the p-type doped region Rl in 
the semiconductor layer 14 and the outer edge 18e of the gate 
electrode 18a or 18b corresponds to the length of the third or 
fourth lightly doped region 24a or 24b as will be described 
later. These lengths L3 and L4 are preferably equal to each 
other and may be about 0.75 Mm, for example. 

[0092] Next, as shown in FIG. 4F, P + ions are implanted at 

a dose of about 5xlo 12 cm" 2 to about 5xl0 13 cm" 2 into selected 
parts of the semiconductor layer 14 using the gate electrodes 
18a and 18b as a mask. This ion implantation process step 
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will be herein identified by "B". Alternatively, As* ions may 
be implanted instead of the P + ions. In this manner, n-type 
doped regions are defined in those parts of the semiconductor 
layer 14, except the regions under the gate electrodes 18a and 
18b, and self -aligned with the gate electrodes 18a and 18b. 
[0093] Thus, after the gate electrodes 18a and 18b have 

been formed, a second region R2 of the semiconductor layer 14, 
including the p-type doped region Rl and regions surrounding 
the p-type doped region Rl, is subjected to the n-type dopant 
ion implantation. In this preferred embodiment, the entire 
semiconductor layer 14, except the regions under the gate 
electrodes 18a and 18b, is doped with the n-type dopant. The 
implant dose of this n-type dopant is substantially greater 
than that of the p-type dopant. Accordingly, n-type doped 
regions, of which the majority carriers are electrons, are 
formed in the entire semiconductor layer 14 other than those 
parts covered with the gate electrodes 18a and 18b (i.e., the 
channel regions 20a and 20b) . In the regions that have been 
implanted with both of the p- and n-type dopant ions, three n- 
type doped regions with a relatively low carrier concentration 
are formed. Two of these three n-type lightly doped regions, 
which are located outside of the channel regions 20a and 20b, 
will be the third and fourth lightly doped regions 24a and 24b, 
respectively. The other n-type lightly doped region formed 
between the channel regions 20a and 20b will be the 
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intermediate region 22. 

[0094] Subsequently, as shown in FIG. 4G, a resist pattern 

44 is defined over the substrate so as to cover the gate 
electrodes 18a and 18b, the intermediate region 22, the third 
and fourth lightly doped regions 24a and 24b and regions 
surrounding the third and fourth lightly doped regions 24a and 
24b and not to cover both ends of the semiconductor layer 14. 
The distance between the outer end of the resist pattern 44 
and the edge 18e of the gate electrode 18a or 18b may be about 
1.5 Mm, for example. Thereafter, using this resist pattern 44 
as a mask, P + ions are implanted at a dose of about 5xl0 u cm* 2 
to about 5*10 15 cm" 2 into non-covered parts of the semiconductor 
layer 14, thereby defining heavily doped regions 28a and 28b. 
This ion implantation process step will be herein identified 
by "C". The implant dose of this ion implantation process 
step C is substantially greater than that of the ion 
implantation process step B. Alternatively, As* ions may be 
implanted instead of the P + ions. 

[0095] In this manner, according to this preferred 

embodiment, the region R3, which is located outside of, and 
spaced apart from, the third and fourth lightly doped regions 
24a and 24b (i.e., the regions that have been doped with both 
of the p- and n-type dopants, or the regions where the regions 
Rl and R2 overlap with each other) , is selectively doped with 
the n-type dopant at a relatively high implant dose. The 
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heavily doped regions 28a and 28b formed in this mann r serve 
as source/drain regions for the TFT. 

[0096] Also, first and second lightly doped regions 26a and 

26b, of which the carrier concentration is determined by the 
dopant introduced in the ion implantation process step B, are 
formed between the heavily doped region 28a and the lightly 
doped region 24a and between the heavily doped region 28b and 
the lightly doped region 24b, respectively. 

[0097] In this manner, a multi-gate type TFT 10, having an 

LDD structure made up of two pairs of lightly doped regions 
with mutually different carrier concentrations between the 
source and channel regions and between the drain and channel 
regions, is completed. 

[0098] Thereafter, the resist pattern 44 that has been used 

in the ion implantation process step C is removed and then an 
interlevel dielectric film 46 of BPSG, for example, is 
deposited to a thickness of about 600 nm over the substrate by 
an atmospheric CVD process as shown in FIG. 4H. Then, the 
semiconductor layer 14 is annealed for about thirty minutes 
within a nitrogen ambient at a temperature of about 950 °C , 
thereby activating the dopants introduced into the 
semiconductor layer 14. Next, first and second contact holes 
48 and 50 are opened over the source/drain regions 28a and 28b 
of the semiconductor layer 14, respectively. Thereafter, a 
conductor film of AISi, for example, is deposited to a 
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thickness of about 600 nm over the substrate and then 
patterned into a predetermined shape. In this manner, a 
source electrode (or source bus line) 52 and drain electrode 
54 are formed so as to make electrical contact with the 
source/ drain regions 28a and 28b by way of the contact holes 
48 and 50, respectively. 

[0099] Thereafter, as shown in FIG. 41, a p-SiNO film 56 is 

deposited to a thickness of about 200 nm over the entire 
surface of the substrate by a plasma CVD process, for example, 
and then a p-SiO film 57 is deposited thereon to a thickness 
of 700 nm, for example. Subsequently, the substrate is 
annealed to diffuse hydrogen from the p-SiNO film 56 into the 
poly- Si thin film and thereby hydrogenate the poly- Si film. 
Next, after a third contact hole 58 has been formed over the 
drain electrode 54, a transparent conductor film of indium tin 
oxide (ITO), for example, is deposited to a thickness of about 
150 nm over the substrate and then patterned into a desired 
shape, thereby forming a pixel electrode 59. 

[0100] In the fabrication process described above, the 

respective process steps, including film-deposition, 
patterning and ion implantation, may be carried out by known 
methods. 

[0101] In this manner, the TFT 10 can be formed by a 

relatively simple fabrication process including the ion 
implantation process step A (carried out to control the 
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threshold voltage before the gate electrodes are formed) , the 
ion implantation process step B (carried out at a relatively 
low dose after the gate electrodes have been formed) and the 
ion implantation process step C (carried out at a relatively 
high dose after the gate electrodes have been formed) . The 
following Table 1 summarizes the dopants that are introduced 
into the respective regions of the semiconductor layer 14 of 
the TFT 10 through the ion implantation process steps A, B 
and C: 



Table 1 



Region 


Implantation A 
B + or BF 2 * 


Implantation B 
P + or As* 


Implantation C 
P* or As* 


Channel 


YES 


NO 


NO 


Intermediate 


YES 


YES 


NO 


1 st and 2 nd LDD 


NO 


YES 


NO 


3 rd and 4 th LDD 


YES 


YES 


NO 


1 st and 2 nd HDD 


NO 


YES 


YES 



[0102] As described above, the implant doses A, B and C of 

the respective ion implantation process steps A, B and C are 

preferably as follows: 

Implant dose A: about lxio 11 cm" 2 to about 5xl0 12 cm" 2 ; 
Implant dose B: about 5xio 12 cm" 2 to about 5*io 13 cm" 2 ; and 
Implant dose C: about 5xl0 14 cm" 2 to about 5xio 15 cm" 2 . 

[0103] Preferably, implant dose C > implant dose B > 

implant dose A. 

[0104] FIGS. 5B through 5D illustrate the concentration 

profiles of the dopants introduced into the respective regions. 
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Specifically, FIG. 5A illustrates a cross section of the TFT. 
FIG. 5B illustrates the concentration N D profile of the n-type 
dopant introduced into the respective regions. FIG. 5C 
illustrates the concentration N A profile of the p-type dopant 
introduced into the respective regions. And FIG. 5D 
illustrates the carrier concentrations of the respective 
regions, i.e., the absolute values of the differences ( N D N A ) 

M between the concentrations of the n- and p-type dopants 

O introduced into the respective regions. 

5 [0105] As shown in FIG. 5B, the n-type dopant has been 

g introduced into the respective regions other than the channel 

s 

regions 20a and 20b. The dopant concentrations M D of the 

m 

M= first through fourth lightly doped regions 26a, 26b, 24a and 

m 

P 24b and intermediate region 22 are substantially equal to each 

other. The dopant concentrations 1^ of the first and second 
heavily doped regions 28a and 28b are higher than the dopant 
concentrations N D of these regions 26a, 26b, 24a, 24b and 22. 
Also, as shown in FIG. 5C, the p-type dopant has been 
introduced selectively into the third and fourth lightly doped 
regions 24a and 24b, channel regions 20a and 20b and 
intermediate region 22, the dopant concentrations N A of which 
are substantially equal to each other. Accordingly, th 
overall carrier concentration I N D — N x I of the semiconductor 
layer 14 decreases at two steps between the heavily doped 
region 28a or 28b and the channel region 20a or 20b. 
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[0106] In the preferred embodiment described above, the 

present invention is supposed to be applied to an n- channel 
TFT. However, the present invention is naturally 

implementable as a p-channel TFT. In making a p-channel TFT, 
P* or As* ions may be implanted in the ion implantation process 
step A, and B + or BF 2 + ions may be implanted in the ion 
implantation process steps B and C. 

[0107] FIG. 13 illustrates an active -matrix- addressed 

liguid crystal display device (LCD) 100 that has been formed 
using a TFT substrate 100a including the TFT 10. As shown in 
FIG. 13, the LCD 100 includes the TFT substrate 100a, a 
counter substrate 100b, and a liquid crystal layer 100c 
sandwiched between the TFT and counter substrates 100a and 
100b. Although not shown, the counter substrate 100b includes 
an insulating substrate and a counter electrode (or common 
electrode) formed on the insulating substrate. 

[0108] In a typical TN-mode liquid crystal display device, 

an alignment film (not shown) is formed on the surface of the 
TFT substrate 100a that faces the liquid crystal layer 100c 
and another alignment film (not shown) is formed on the 
surface of the counter substrate 100b that faces the liquid 
crystal layer 100c. A polarizer (not shown) is formed on each 
of the opposite surfaces of the TFT and counter substrates 
100a and 100b. However, the alignment films or polarizers may 
be omitted depending on the display mode adopt d. Optionally, 
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to conduct a color display, color filters (not shown) may be 
provided for the counter substrate 100b , for example. 

EMBODIMENT 2 

[0109] Hereinafter, a TFT 60 according to a second 

specific preferred embodiment of the present invention will 
be described with reference to FIG. 6. The TFT 60 of the 
second embodiment is different from the TFT 10 of the first 
embodiment in that the TFT 60 includes three gate electrodes 
18a, 18b and 18o and three channel regions 20a, 20b and 20o 
associated with the gate electrodes 18a, 18b and 18o, 
respectively. Accordingly, two intermediate regions 22a and 
22b are defined between the channel regions 20a and 20o and 
between the channel regions 20o and 20b. respectively. In FIG. 
6, each component having substantially the same function as 
the counterpart of the TFT 10 of the first embodiment is 
identified by the same reference numeral and the description 
thereof will be omitted herein. 

[0110] In the TFT 60, a pair of lightly doped regions 24a 

and 26a with mutually different carrier concentrations is 
defined between the first heavily doped region (or source 
region) 28a and the channel region 20a closer to the source 
region 28a than any other channel region is. In addition, 
another pair of lightly doped regions 24b and 26b with 
mutually different carrier concentrations is defined betwe n 
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the second heavily doped region (or drain region) 28b and the 
channel region 20b closer to the drain region 28b than any 
other channel region is. 

[0111] The intermediate regions 22a and 22b are located 

between the channel region 20c associated with the central 
gate electrode 18o and the channel region 20a and between the 
channel regions 20o and 20b, respectively. The intermediate 
regions 22a and 22b have a dopant concentration profile 
similar to that of the lightly doped regions 24a and 24b. 
Neither of these intermediate regions 22a and 22b has to 
include two types of lightly doped regions with mutually 
different carrier concentrations. 

[0112] The TFT 60 may also be fabricated by a process 

similar to that of the TFT 10 of the first embodiment. 

EMBODIMENT 3 

[0113] Hereinafter, an exemplary configuration for a TFT 

70 according to a third specific preferred embodiment of the 
present invention will be described with reference to FIG. 7. 
In FIG. 7, each component having substantially the same 
function as the counterpart of the TFT 10 of the first 
embodiment is identified by the same reference numeral and the 
description thereof will be omitted herein. In the following 
description of the third embodiment, the present invention is 
supposed to be implem nt d as an n-channel TFT. However, the 
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present invention is not limited thereto but may naturally be 
applicable to a p-channel TFT. 

[0114] In the semiconductor layer 14 of the TFT 70, a 

first doped channel region 72a and a first intrinsic channel 
region 74a are formed under the gate electrode 18a. The 
first intrinsic channel region 74a is a part of the channel 
region closer to the source region (or first n-type heavily 
doped region) 28a. In the same way, a second doped channel 
region 72b and a second intrinsic channel region 74b are 
formed under the gate electrode 18b. The second intrinsic 
channel region 74b is a part of the channel region closer to 
the drain region (or second n-type heavily doped region) 28b. 
Furthermore, the n-type intermediate region 22 is defined 
between the first and second doped channel regions 72a and 
72b. 

[0115] Each of these doped channel regions 72a and 72b has 

been implanted with ions of a p-type dopant such as boron to 
control the threshold voltage of the TFT 70 at a desired 
value. On the other hand, neither the intrinsic channel 
region 74a or 74b has been doped with such a dopant. However, 
some inevitable impurities may be present in the intrinsic 
channel regions 74a and 74b in the process step of forming a 
semiconductor layer or diffusing a dopant. 

[0116] Also, a first n-type lightly doped region 76a is 

defined b tween the source region 28a and the first intrinsic 
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channel r gion 74a closer to the source region 28a. On the 
other hand, a second n-type lightly doped region 76b is 
defined between the drain region 28b and the second intrinsic 
channel region 74b closer to the drain region 28b. The 
carrier concentration of the first lightly doped region 76a 
is set lower than that of the source region 28a, and the 
carrier concentration of the second lightly doped region 76b 
is set lower than that of the drain region 28b. 
[0117] In this manner, the TFT 70 includes the second 

lightly doped region 76b and the second intrinsic channel 
region 74b between the drain region 28b and the doped channel 
region 72b, thereby realizing a less steep carrier 
concentration profile. As a result, the intensity of the 
electric field is weakened at the end of the drain and the 
amount of leakage current is reduced. Also, since the 
intrinsic channel region 74b is provided adjacently to the 
second doped channel region 72b to minimize the leakage 
current, the second lightly doped region 76b adjacent to the 
drain region 28b may have a relatively high carrier 
concentration. In this manner, the TFT 70 minimizes the 
amount of leakage current appropriately and increases the 
amount of ON- state current substantially just like the TFT 10 
of the first embodiment. 

[0118] In the TFT 70 of this third preferred embodiment, a 

current may also flow bidirectionally between the 
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source/drain regions. In this case, the TFT 70 preferably 
has symmetrical electrical characteristics. For that purpose, 
the length of the first lightly doped region 76a is 
preferably substantially equal to that of the second lightly 
doped region 76b. Also, the length of the first intrinsic 
channel region 74a is preferably substantially equal to that 
of the second intrinsic channel region 74b. 

[0119] To increase the ON-state current, the first and 

second intrinsic channel regions 74a and 74b with a high 
resistivity are preferably relatively short. For that 
purpose, the first and second intrinsic channel regions 74a 
and 74b are preferably shorter than any of the first and 
second lightly doped regions 76a and 76b and the intermediate 
region 22. 

[0120] Hereinafter, it will be described with reference to 

FIGS. 8A through 81 how a TFT substrate, including the TFT 70, 
for use in an active -matrix -addressed liquid crystal display 
device may be fabricated in this preferred embodiment. It 
should be noted that any process step substantially the same 
as the counterpart of the process for fabricating the TFT 10 
of the first embodiment as shown in FIGS. 4A through 41 will 
not be described in detail again. 

[0121] First, as shown in FIGS. 8A and 8B, a semiconductor 

layer 14 is formed on an insulating substrate 12 by performing 
process steps similar to thos of the first mbodiment. 
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[0122] Next, as shown in FIG. 8C, a photoresist pattern 80 

is defined on the semiconductor layer 14 so as to selectively 
cover parts of the semiconductor layer 14 near both ends 
thereof. Using this resist pattern 80 as a mask, B + ions are 
implanted at a dose of about lxlO 11 cm" 2 to about 5*10 12 cm" 2 into 
a predetermined region Rl. This ion implantation process step 
will be herein identified by "A". In this manner, according 
to this preferred embodiment, ions of a p-type dopant are 
implanted into only the predetermined region Rl selected from 
the semiconductor layer 14. 

[0123] Then, as shown in FIG. 8D, a gate insulating film 

16 covering the semiconductor layer 14 is formed by performing 
a process step similar to that of the first embodiment. 
[0124] Thereafter, as shown in FIG. 8E, a pair of gate 

electrodes 18a and 18b is formed over the semiconductor layer 
14 so as to be horizontally spaced apart from each other. 
Each of these gate electrodes 18a and 18b is formed so as to 
cover the boundary of the p-type doped region Rl (i.e., to 
cover not only part of the region Rl but also a region outside 
of the region Rl ) . 

[0125] Those parts of the region Rl, covered with the pair 

of gate electrodes 18a and 18b, will be doped channel regions 
for the TFT. On the other hand, those regions covered with 
the pair of gate electrodes 18a and 18b outside of the region 
Rl will be intrinsic channel regions for the TFT. The 1 ngths 
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of the doped channel regions and intrinsic channel regions may 
be determined by the length of the gate electrodes (i.e., the 
sizes thereof as measured in the channel length direction) and 
by the positional relationship between the gate electrodes and 
the region Rl. For example, where each of the gate electrodes 
has a length of about 1.5 Mm, the positional relationship 
between the gate electrodes and the region Rl is controlled so 
that each doped channel region has a length of about 0.75 Aim. 
Also, the length of the intermediate region is determined by 
the distance between the gate electrodes 18a and 18b. In this 
preferred embodiment, the intermediate region has a length of 
about 1 fim. 

[0126] Next, as shown in FIG. 8F, P* ions are implanted at 

a dose of about 5«10 12 cm" 2 to about 5xl0 13 cm* 2 into selected 
parts of the semiconductor layer 14 using the gate electrodes 
18a and 18b as a mask. This ion implantation process step 
will be herein identified by "B". In this ion implantation 
process step B, a second region R2 of the semiconductor layer 
14, including the p-type doped region Rl and regions 
surrounding the p-type doped region Rl, is subjected to the P* 
ion implantation. In this preferred embodiment, the entire 
semiconductor layer 14, except the regions under the gate 
electrodes 18a and 18b, is implanted with the P + ions. 
Alternatively, As* ions may be implanted instead of the P* ions. 
[0127] In this manner, an n-type intermediate region 22 is 
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formed between the p- type -doped channel regions 72a and 72b so 
as to be self -aligned with the gate electrodes 18a and 18b. 
Also, n-type lightly doped regions are formed outside of the 
intrinsic channel regions 74a and 74b so as to be self -aligned 
with the gate electrodes 18a and 18b, too. 

[0128] Subsequently, as shown in FIG. 8G, a resist pattern 

82 is defined over the substrate so as to cover the gate 

Sr electrodes 18a and 18b, the intermediate region 22, and the n- 

O 

^ type lightly doped regions 76a and 76b located outside of the 

RJ 

p intrinsic channel regions 74a and 74b* The distance between 

=p 

=p the right or left end of the resist pattern 82 and the edge 

□ 

s 18e of the gate electrode 18a or 18b may be about 1.5 Mm, for 

N> 

-HJ example. Thereafter, using this resist pattern 82 as a mask, 
P* ions are implanted at a dose of about 5xl0 14 cm" 2 to about 

^ 5*10 15 cm' 2 into non-covered parts of the semiconductor layer 14, 
thereby defining first and second heavily doped regions (i.e., 
source/drain regions) 28a and 28b. This ion implantation 
process step will be herein identified by "C" . 

[0129] In this manner, a multi-gate type TFT 70, including 

two pairs of lightly doped and intrinsic channel regions 
between the source region and the first doped channel region 
and between the drain region and the second doped channel 
region, is completed. 

[0130] It should be noted that the fabrication process of 

the TFT 70 of this third embodiment may be carried out in the 
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same way as that of the TFT 10 of the first embodiment except 
that the mask 80 is used instead of the mask 42 (see FIG. 4C) 
in the ion implantation process step A shown in FIG. 8C. 
[0131] Thereafter, as shown in FIG. 8H, a source electrode 

(or source bus line) 52 and a drain electrode 54 that make 
electrical contact with the source/drain regions 28a and 28b, 
respectively, are formed by performing a process step similar 
to that of the first embodiment. Subsequently, as shown in 
FIG. 81, a pixel electrode 59 made of ITO (indium tin oxide) 
is formed by performing a process step similar to that of the 
first embodiment. 

[0132] In this manner, the TFT 70 may be formed by a 

relatively simple fabrication process including the ion 
implantation process steps A, B and C. The following Table 2 
summarizes the dopants that are introduced into the 
respective regions of the semiconductor layer 14 of the TFT 
70 through these ion implantation process steps A, B and C: 



Table 2 



Region 


Implantation A 
B + or BF 2 + 


Implantation B 
P + or As + 


Implantation C 
P + or As* 


1 st and 2 nd 
doped channel 


YES 


NO 


NO 


Intermediate 


YES 


YES 


NO 


1 st and 2 nd LDD 


NO 


YES 


u NO 


1 st and 2 nd 
intrinsic 
channel 


NO 


NO 


NO 


1 st and 2 nd HDD 


NO 


YES 


YES 



[0133] As described above, the implant doses A, B and C of 
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the respective ion implantation process steps A, B and C are 

preferably as follows : 

Implant dose A: about 1*10 11 cm" 2 to about 5*10 12 cm" 2 ; 
Implant dose B: about 5xio 12 cm" 2 to about 5*10 13 cm" 2 ; and 
Implant dose C: about 5*10 14 cm" 2 to about 5*10 15 cm' 2 . 

[0134] Preferably, implant dose C > implant dose B > 

implant dose A. 

[0135] FIGS. 9B through 9D illustrate the concentration 

profiles of the dopants introduced into the respective regions. 
Specifically, FIG. 9A illustrates a cross section of the TFT 
70. FIG. 9B illustrates the concentration M D profile of the 
n-type dopant introduced into the respective regions. FIG. 9C 
illustrates the concentration N A profile of the p-type dopant 
introduced into the respective regions. And FIG. 9D 

illustrates the carrier concentrations of the respective 
regions, i.e., the absolute values of the differences I N D ~N A I 
between the concentrations of the n- and p-type dopants 
introduced into the respective regions. 

[0136] As shown in FIG. 9B, the n-type dopant has been 

introduced into the respective regions other than the doped 
channel regions 72a and 72b and the intrinsic channel regions 
74a and 74b. The dopant concentrations M D of the first and 
second lightly doped regions 76a and 76b and intermediate 
region 22 are substantially equal to each other. The dopant 
concentrations N D of the first and second heavily doped 
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regions 28a and 28b are higher than the dopant concentrations 
N D of these regions 76a, 76b and 22. Also, as shown in FIG. 
9C, the p-type dopant has been introduced selectively into the 
doped channel regions 72a and 72b and intermediate region 22, 
the dopant concentrations N A of which are substantially equal 
to each other. Thus, the carrier concentration I N D ~N A I of 
the semiconductor layer 14 decreases at two steps between the 
heavily doped region 28a or 28b and the doped channel region 
72a or 72b. 

[0137] In the preferred embodiment described above, the 

present invention is supposed to be applied to an n- channel 
TFT. However, the present invention is naturally 

implementable as a p-channel TFT. In making a p-channel TFT, 
P* or As* ions may be implanted in the ion implantation process 
step A, and B + or BF 2 * ions may be implanted in the ion 
implantation process steps B and C. 

EMBODIMENT 4 

[0138] Hereinafter, a TFT 85 according to a fourth 

specific preferred embodiment of the present invention will 
be described with reference to FIG. 10. The TFT 85 of the 
fourth embodiment is different from the TFT 70 of the third 
embodiment in that the TFT 85 includes three gate electrodes 
18a, 18b and 18o. In FIG. 10, each component having 
substantially the same function as the counterpart of the TFT 
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70 of the third embodiment is identified by the same reference 
numeral and the description thereof will be omitted herein. 
[0139] In the TFT 85. the doped channel region 72a and 

intrinsic channel region 74a are defined in the channel 
region, which is closer to the first heavily doped region 
(i.e., source region) 28a than any other channel region is 
and which is located under the first gate electrode 18a. 
H- Also, the doped channel region 72b and intrinsic channel 
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region 74b are defined in the channel region, which is closer 
J to the second heavily doped region (i.e., drain region) 28b 
p than any other channel region is and which is located under 
i± the second gate electrode 18b. 

m 

H= [0140] The other channel region 72o associated with the 

m 

central gate electrode 18o includes no intrinsic channel 
region. The channel region 72o may have a dopant 

concentration profile similar to those of the doped channel 
regions 72a and 72b. 

[0141] The TFT 85 may also be fabricated by a process 

similar to that of the TFT 70 of the third embodiment. 
[0142] According to preferred embodiments of the present 

invention, at least two types of regions with mutually 
different carrier concentrations are provided both between the 
source and channel of the TFT and between the drain and 
channel thereof. In this manner, the leakage current is 
r duced and the ON- state current is increased. Also, as 
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compared to a TFT having the conventional multi-gate LDD 
structure, the TFT does not have to have its sizes increased 
and the redundancy thereof against the leakage failure is not 
sacrificed. 

[0143] The present invention is applicable particularly 

effectively to a small- sized, high- density and high-definition 
TFT liquid crystal display device including a semiconductor 
layer of polysilicon. 

[0144] While the present invention has been described with 

respect to preferred embodiments thereof, it will be apparent 
to those skilled in the art that the disclosed invention may 
be modified in numerous ways and may assume many embodiments 
other than those specifically described above. Accordingly, 
it is intended by the appended claims to cover all 
modifications of the invention that fall within the true 
spirit and scope of the invention. 
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